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Handbook of Shrimp Diseases

S. K. Johnson
Extension Fish Disease Specialist

This handbook is designed as an infermation
source and field guide for shrimp culturists, commer-
ctal fishermen, and others interested in parasites or
abnormal comditions of shrimp. In addition to descrip-
tions and illustrations of the common parasites and
commensals of commercial penaeid shrimp, the
publication includes infermation on the life cycles and
general bioiogical characteristics of these disease-
preducing organisms that spend all or part of their life
cycles with shrimp. Several conditions of unknown
cause are also described.

Disease is an important factor in reducing shrimp
numbers in natural populations. Natural mortality or
death from oid age is the patential fate of all shrimp,
but the toll taken Dy predation (man being one of the
maijor predators), starvation, infestation, infection and

adverse envirgnmental conditions is highty significant.

Therefore, conditions describad in the following
pages exert considerable influence on shrimp num-
bers in natural stocks.

Disease problems are considered important to
successful production in shrimp aquaculture. Be-
cause high-gensity, confined rearing is unnatural and
produces siress, some shrimp-associated crganisms
will become prominant. Special measures are re-
quired to offset their detrimental effects.

Disease may be caused by living ar non-living
agents, as well as by physical or chemical factors.
Non-living causes include lack of oxygen, poisons,
low temperatures, salinity extremes, etc. This guide
concentrates on the living agents and on visual
preseontation of the structure and effects of such
agents.

Shrimp Species

Therg are many shrimp species distributed world-
wide. Important shrimp of the Gulf of Mexico catch
are the brown shrimp, Penaeus aztecus,; the white
shrimp, Penaeus setiferus; and the pink shrimp,
Penaeus duorarum.

Two exotic shrimp have gained importance in Gulf
Coast aquacuiture operations. These are the Pacific
white shrimp, Penaeus vannamei, and the Pacific

blue shrimp, Penaeus styfirosirs. These two species
are used likewise throughout the Americas on both
east and west coasts.

In Asia, the Pacific, and to some exten: the Medi-
terranean, the following species are used: Penaeus
monodon, Penacus merguiensis, Penaeus chinens:s,
Penaeus japanicus, Penaeus semisuicatus and
Metapenaeus ensis.

Shrimp Anatomy

A shrimp is covered with a protective cutic'e
(exoskeleton, shell) and has jointed appendages.
Most organs are lecated in the head end {cephalotho-
rax) with muscles concentrated in the tail end (abdo-
men). The parts listed below are apparent upon
cutside examination (Fig.1):

Cephalothorax

Abdomen

Antennuies

Antenna

Antennal Scale

Rostrum (harn)

Eye

Mouthparts

{several append-

ages for holding

and tearing food)

9. Carapace (cover
ing of cephalothor-
ax)

10. Walking tegs
(pereiopods)

11. Abdominal Seq-
ment

12. Swimmeretes
(pieopods)

13. Sixth Abdominal
Segment

14. Teison

15. Uropod
16. Gills (under

carapace)

@N@OU AW

Fig. 1. External anatomy of shrirmp.
{Wumbers confoim to fist)



Inside structures

include {Fig. 2):
t. Esophagus
2. Stomach
3. Hemocoel {(blood
space)
4. Digestrve Gland o
{hepatopancreas) '
5. Heart *-*
6. Intestine
7. Abdominal
Muscles

The "skin" or hypo-
dermis of a shrimp lies
just beneath the
cuticle. It is functional
in secreting the new exaoskeleton that develaps to
replace the old at shedding. Shedding of the cuticla
{also known as malting or ecdysis} occurs at intervals
during a shrimp’s life and allows for expansion of
size.

The reproductive organs of adults are particularly
noticeable. When ripe, the ovaries of females may be
seen through the cuticle to begin in the cephalothorax
and extend dorsally into the abdomen.

Fig. 2 Inlernal anatomy of shrimp.
{Numbers contfarm to list ) Jagged
line represents cut-away ol culicle
o expose internal organs,

Microbes

VIRUSES

Viruses cause disease as they replicate within a
suitable host celi type and thereby cause destruction
or improper cell function. The damage varies accord-
ing t0 host species and is usually confined to a single
species or closely related group of hosts.

Much knowledge is needed about shrimp
viruses. Exposure te particular environmental condi-
tions may predispose shrimp to disease by viruses

that act only as opportunists. Cause and effect for ali
shrimp virLs disease needs carefu! attentian. Another
problem worth cansidering is that known viruses may
be more diverse than currently recognized. This is
because presumptive idenlifications are often made
mergly on the basis of size and shape. |n the case of
some detected viruses, are they replicating in the
shrimp, or are they merely accumulated transient
lodgers? Little is known also of how shrimp viruses
are transmitted from one shrimp to another.

Viruses of shrimp have been assigned explicitly or
tentatively to four viral groups (Fig. 3).

Fig. 3. Skucture ot viral groups reponted from shrimp. A. Baculaviri-
dae {four representative in penaid shrimp ) Size range is abaut 300
to 400 nanometers in length. B. Basic structure of other known
shrimp viruses (four). A Picornavirudae-fike virus is 20 nm in
diameter and contains DNA. A Parvoviridae-like virus is 22 to 24
nm in diameter and contains RNA. Two Reoviridae like viruses are
55 to 61 and 60 1o 70 nm in diameter and contain DNA.

Microbes

Microbes are minute, living organisms, especially
viruses, bacteria, rickettsia and fungi. Sometimes
protozoa are considered microbes.

Protozoa are microscapic, usually ona-cefled,
animails that belong to the lowest division of the
animal kingdom. Normally, they are many times
larger than bacteria.

Bacteria are one-celled organisms that can be
seen only with a microscope. Compared to protozo-
ans, they are of less complex organization and
narmally less than 1/5,000 inch in size.

Viruses are ultramicroscopic, infective agents
capable of multiplying in connection with living cells.
Normally, viruses are many times smaller than
bacteria but may be made clearly visible at high

magnification provided by an electron microscope.

Rickettsia are microbes with similarity to both
viruses and bacteria and have a size that is normally
somewhat in-between.

Fungi associated with shrimp are microscopic
plants that develop interconnecting tubutar strug-
lures. They reproduce by forming smalt cells known
as spores or fruiting bodies that are capable of devel-
oping into a new individual.

The microbial world is vast in number and kind and
has both beneficiai and harmful members. Those that
live in association with shrimp are normally either
parasitic and capable of causing disease when
present in sufficient numbers, or commensal and
capabie of living in asseciation witheut causing injury.




Shrimp Viruses

Baculovirus

Baculovirus penaei — a wirus conmon to Gulf of
Mexico shrimp. This virus damages tssue by enterirg
a cell nucleus and subsequently destroyng the cel as
the virus develops {Fig. 4. It has become a constant
problem for many shnmg haichenes where it dam-
ages the young larval animals. Bacufovirus penaoi
has a characteristic that d'sfinguisnes 1t from some ¢f
the other shrimp viruses; some of the small nfective
virus particles form within a pyramid-shaped mass
called an occlusion. The acclusion is large enough to
be seen easily with a light micrascope (Fig. 5).
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Fig. 4 Baculorvirug lite cycle Tramsmission of the virus is thought
1o be inibated as a susceptible shrimp ingests a yral acclusion.
Virus iniially enlers cell cyloplasm either by viropiexis (ceil engulls
particle with sutrounding tiuid) ot by fusion where viral and cell
membranes fuse and viral core passes into cell. Secondary
infection ocours as extracelular virus conhnues ke intect. (Redrawn
trom Summers and Smith, 1987, Used with permission ot author
and Texas Agncutiural Experiment S1aton, Toxas ASM University
System )

Fig. 6. Monadon baculovirus in a tissue squash showing groups of
spherical pcciusions.

4

Manodon-type pacuiov rus  0ne halionrs
spherica. ooclusions (Fig 6; and wiose alled’s are
seen mosty in the Culture of ine Asar g.an tge”
prawr . Penaeus monsdan A recent "epont of trans-
missicn io Fenaeus vanname did ngt " ve ve Causa
tior of gisease.

Piebe|.s paculgwires — A spher o 0CCiuson-
forming wirus of the Austranan shrmp Fernagus
plebejus

Midgut glant necrosis virus — a virds harmfu: 1o
the Kuruma prawn, Pendeus japonicus. ir Japan.

Picornavirus

Infectious hypodermal and hematopoietic necros:s
virus — a virus affecting several commercialy 1mpor-
tant shrimp ang. particularly, the Pacific blue shrimp.
Penaeus stylirostris.

Parvovirus

Hepatopancreatic parvo-like virus - a virus-
causing disease in several Asian shimp. A recently
noted transmission to Penaeus vannamer did not
result in disease of that species.

Reovirus

Reo-like virus of Kuruma prawn — a newly recog
nized virus of Penaeus /aponicus.

Reo-like virus of Tiger prawn — a newly recog-
nized virus of Penaeus monacdon,

Fig. 5. Occlusion bodies of Baculowirus penasi. These bodies,
visible 1o low power of ight microscope, are characieristic of this
virus. The occlusions and those of other baculoviruses are tound
mainly in the digestive gland and digestive tract.



RICKETTSHA

Achetzal viegt ong have recory Donr derl
mertad as cauze of shwmp disease. Ge s of e
digustive glang ane ¢'her fssues are gamaged (Hig
71, Mo wnfections have been goc smented om &R
of North Amengan snpros

BACTERIA

RBactenal irfections of shnmp have beer observed
for mary years Scientists have noticed tha: bactenal
infection i the bood or d ges:ve giand usuadiy
occurs when snrmp are weakened. Othierwse,
rorma’ shrimp aisc may become irectad i condrions
favor presence ot a particularly harmtul bactenur

Shrimp body fluids are most ofien irfected by the
baclerial group named Vibro. Shnmp infected with
bacteria show discoioration of 11e body tissues in
some instances. bu: not in others The cloting fune:
ton of the blood, cntical in wound repair, is $'owed of
lost during some mntections. Cccasionally parts of the
body are iost (Fig. 8).

if infected by bactena capab'e of using snell for
nutTtion, the exoskeleton will demopnstrate erosive
and nlackened areas (Figs 9 ang 10}. These badlena
wypically attack edges or tips of exoskeeton parts. but
if breaks occur 11 the exoskeleton the bactena are
quick to enter and cause damage.

Filamentous bacteria are commonly found attached
to the cutcle. particularly fringe areas beset witn
setae (Fig. 11). When infestation is heavy, filamen-
tous bacteria may aiso be present in large quantity on
the gilt filaments. Smaller, less obvicus bacteria also
settle on cuticular surfaces but are not cansidered as
threatening as the fdamentous type.

FUNGt

Several fungi are known as shrimp pathogens.
Three groups commonly infect larval shrimp, whereas
another attacks the juveniie or larger shrimp. The

Syl
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Fig. 7. Histological crass section ot a digestive gland tubule,
Rickettsial microcolonies are shown at arrow Rickettsia will exhibit
constant browman mation and color red with Giemsa stain, but
electron microscopy is needed for definte diagnosis. (Specimen
courtesy of J. Brock.)

Fig B Damage 1o abdomen of 3 shrimp as 4 result of Vibro
mtecton.

Fig. 9. Shrimp with numerous black erosive areas considered a
result of achon by bactena The darkening neelt 1s considered a
Fosl response

Fig. 10. Microscopic view of a lesion on a uropod (tail part.)



- oo maost common genus affeclirg larva shrmpis
/ ” 0 : Lagenidium. Less common Dul IMmpartant areSrokig-
' ittm and Halfiphthoros, The metrod of infection
requires a thin cuticle such as that characteriste of
larvatl shrimp {Fig. 12).

The most commaon genus a‘fecting arger shrimp is
Fusarium. 1t is thought that this furgus gairs entry
inte the body through cracks or erodea areas on the
cuticle. Fusariumm may be identified by the oresence
of canoe-shaped macroconidia tha: the fungus
produces. Macroconidia and examples of lurgal
infections are shown in Figures 13-16,

Fig 11 Microscopic viow of hlamontous bacteria on & shnmp

pleopod

I

- — j —

= i

A B

Fig 14. Canoe-shaped macroconidia ot Fusarium. These
shructures bud off ot branches of the fungus and serve 10 transmi
fungus to shrimp

E D ]
L - Search o Hos)
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Fig 12 Transmssion ot Lageniciurn. A Fungus sends out dis-
charge tube out of shrmp body 8 Vesicle form C Vesicie pro-
ducas mohlke spores that are relzased D Molle spores contact
shitmp and undergo encystment & Germ tube 15 sent info the
body of the shimp and fungus then spreads throughoul

. . t‘, R

Fig. 15. Microscopic view of lungus in gill tilament.

Fiyg. 13 Lagenidium ntection in larval shrimr;, Note extens\ive
development of branchings of lungus throughout the body. (Photo — i
counesy of Dr. Don Lightner, University of Atizona.) Fig. 16. Microscopic view of

Y

fungus at

- g e
tip of antenna.



PROTOZOA

Protozoan parasites and commensals of shrimp
will occur on the inside or outside of the body. Those
on the outside are considered harmless unless
present in massive or burdensome numbers. Those
on the inside can cause disease and are representa-
tive of several groups of protozoan parasites: Micro-
sporidia, Haplosporidia and Gregarina. Members of
these groups are known or believed to require that
some animal besides shrimp be present in order to
facilitate completion of their life cycles. A few proto-
zoa are known to invade weakened larval animals
directly and contribute to disease.

Microsporidians

Microsporidians parasitize most majar animal
groups, notably insects, fish and crustaceans. In
shrimp, microsporidian infections are best kngwn
locally as cause of a condition knawn as “milk™ or
“cottan” shrimp (Figs. 17-19). Microsporidians be-
come remarkably abundant in the infected shrimp and
cause the white appearance of muscle tissues. A

: I“r o
Fig. 17. Infected or "milk" shrimp {upper) in comparison 1o normal
shrimp (lower.) (Photo courtesty of Dr. R. Nickeison.)

Fig. 18. Two brown shrimp cut across tail. Notg infected area
{@rrow).

Fig- 18. Grass shrimp with "milk" shrimp condition. The normal
shrimp in the figure is transparent.

Fig. 20. Microscopic view of many spores of Ameson {=Nosema)
sp. The spores are free or unenveloped. Parasitic microsporidians
of commercially important shrimp with enclosing envelopes are
assigned to genera Pleistophora, Thelohania and Agmasoma. The
latter two differ from Plaistophara in that their members retain a
constant spore number of aight par envelope. Plaistophora sp.
have more than eight spores per envelope.

Fig. 21. Microscopic view of many spores of Thelohania sp. Note
envelopa (arrow),
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Fig. 23. Life cycle ot micresperidian of shnmp. A Ingestion of
5pores by shrimp. 8. In gut ot shrimp, the spore extrudes a
flament that penetrates gut wall and deposits an inlective unit, A
cell engulfs this unit C. Infective unit enters the nucieus of the cell,
undergees development and then divides to farm schizonts. D
Schizons then divide and develop into speres. E. By the time
spores are lormed, they are located in & specific tissue (muscle,
fissues dround intestine, nic.). The spores are either discharged

Fig. 22 Agmasoma penasiin white shnmp  This parasite is always
Iocated along the dorsal midiine (arrows) Advanced infections can
be seen through the cuticle with the Unaided eye.

typical catch of wild shrimp will contain a few individu-
als with this condition. These shrimp are usually
discarded before processing. Depending on the type
of microsporidian, the site of infection will be through-
out the musculature of the shrimp or, in parlicuiar,
organs and tissues.

Microsporidians ara present in the affected shrimp
in the form of spores. Spores are srall cells that can
develop into a new individua!. They are very minute
and detection requires examination with a microscope
(Figs. 20-21}.

from the shrirmp while Iving er alter death, but the method of
release and the pathway taken is not known F Experiments
designed to transmit infection by teeding infected shnmp to
urintected have been unsuccesstul. 11 )s assumed particular ewvents
such as involvernent ot ancther hast may be required to complete
passage from one shrimp to the next. Successtul fransmission has
been reporied when infected shrimp were fed 1a fish (speckled
trout} and fish tecal matenal was then fed to shiimp.

infected shrimp are noted to be aglle and appar-
ently feed as normal shrimp. However, tissue dam age
eccurs and no doubt affects many life functions. No
eggs have been found in *milk” shrimp and it is
suspected that all types of microsporidian infeclions
¢an render shrimp incapable of reproduction (Fig. 22,

The life cycles of strimp micresporidians kave not
been satisfactorily worked out. However, examination
of the cycles of related speacies and the miscellane-
ous facts contained in literature indicate that the cycle
presented in Figure 23 is representative of Microspo-
ndians.

Haplosporidia

A member of the Haplosporidia, another spore-
farming protozoan group, was recently recognized as
important to shrimp health when researchers found
infected animals in an experimentaf population that
had been imported into Cuba from the Pacific Coast
of Central America. The parasites invaded ang
destroyed lissues of the digestive gland (Fig. 24).

Gregarines

Gregarines are protezoa that occur within the
digestive tract and tissues of various invertebrate
animals. They occur in the digestive tract of shrimp
and are observed most often in the form of a tropho-



_________ — ——— —

Fig. 24 A Drawing of transverse sechon of digestive gland
tindle cantaning haplospordian parasites Stramghl ling
£0paralcs appesrance of a whule into sarly (reader's ety and
late stges of plestion, {Drawn rem Dyhovaetal, 1988 A
recestrencrt from Malaysian Penacus monodon hgwes a quite
Simiar maniestaien by an assumee mictospondian infection
B. For companison a seston of a normal tubule. Toward the
dipestyee Tract secretory colls (1) predominate and fibrous cells
{3; become more rumerous  Absorptive cells {2} contain
varying amounts of vatuolee decord. ry o nutntional status.

Fig 25 Microscopic view of
trophczoite of Nematopsis 5p.

-

Fig. 27 (Lett} Microscopic view of
trophozoites of Nemalopsis sp.
Fig 2B {Above Troohoznites nf
Cephalobus, a gregarine that
dtizches fo the base of the terminal
lappets of the shrimp stomach rather
than the intgstinal wall. (Fhoto
courtesty of Dr. C. Corkern )

Fig. 26. Microscopic
Neratopsis sp,




Fig. 30. Life eycle ot a gregaring of shrimp A Shrimp ingests
spores with bottlom dobris 8. Sporozoite emerges in the qut of the

but ente each other and torm unusual shapes {See Figs. 26, 27
D. The unusual forms develop and attach to the end of the

2oite (Fig. 25 -28) or a gamelocyst (Fig. 29). The life
cycle invalves marine snails or clams as diagrammed
in Figure 30.

Minor damage to the host shrimp results from
attachment of the frophozoites to the lining of the
intestine. Absorption of food or intestinal blockage by
the protozoa is perhaps detrimental. it is the consen-
Sus of most parasitologists that these effects are
refatively unimportant and, cansequently, they
consider gregarines of little pathological importance.

Body Invaders

Several protozoa have been noted to invade a
shrimp body and feed on tissues as they wander
throughout. Tentative identifications name
Parauronema. Leptomonas, Paranophrys and an
amoeba. Adverse effects of these protozoa are not
fuily understood, but they are usually found associ-
ated with shrimp that have become weakened or
diseased (Fig. 31).

Ectocommensal Protozoa

Several kinds of protozoa are regularly found on
Surfaces, including gills, of shrimp. Apparently, shrimp
Surfaces are a favored place to live within the water
environment. Common on the surfaces of shrimp are

10

intestine {reetum) to form gamelocysts E Gametocyst ungorgoes
multiple divisions to produce “gymnospores® hat are set free with
rupture of the gametocyst F. Gymnospores are enguifed by ceils
at the surtace of the flosh of clams G. They develop 1o form
spores in the clam. H. Then the spores (with Sporozoie inside} are
ibetaled from the dlam n mucous sirings (slime).

e

Fig. 31. Weakened iarval shrimp invaded by ciliated protozoans
(A mows).

species of Zoothamnium, Epistylis, Acineta, Ephelota,
and Lagenophrys (Fig 32),

Zoothamnium is a frequent inhabitant of the gill
surtaces of shrimp, and in ponds with iow oxygen
content, heavily infested shrimp can suffocate.
Surface-settiing protozoa 9ccasionally cause prob-
lems in shrimp hatcheries when larval shrimp become



Fig 32 Common surte dwenling

protoros
.
L. Acinala. E Epheiota
overburdened and are unable to swim normally. As
protozoa continuously multiply in numbers, shrimp \
acquire an increasing burden until shedding of the o
cuticle provides relief, i J

Members of one unique group of protozoa, the
apostome ciliates, have a resting stage that will settle
on shimp surfaces. When the crustacean molts, the
protozoan releases and completes the life cycle
within the shed cuticle before entering a resting stage !
on a new crustacean (Fig. 33).

Other infestations

A variety of other organisms attach to shrimp
surfaces. Their abundant presence on gills and limbs
can interfere with breathing and mobility. Small,
single-cell piants called diatoms are often found

Fig 33 Micrascopic view of saveral apostome cilates inside grass

attached to larval shrimp in hatcheries. (Fig. 34}. shrimp mait Proper identification of genus cannot be determined
Shrimp from aquaculture facities that are exposed t0 from living animal. Straming with a technique caled sivar impreg-
an unusual amount of sunlight often will have over- nation is requried

growths of algae of mixed variety (Fig. 35).

Fig. 34. Diatoms attached 1o ill surfaces of larval shrimp.

Fig. 35. Akzal overgrowth on shrimp exposed 1o abundant light,
(Photo cournesy of Stave Robertson.)
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Occasionally, one will find barnacles, leeches ang
the colonial hydroid Obelia bicuspidata attixed to
body surfaces. These organisms are probably quite
common in the vicinity of the shrimp and select
surfaces of infrequently molting, older shrimp as
Spots to take up residence. Insects will sometimes lay
€ggs on shrimp and a strange group of animals called
ellobiopsids settle on the Carapace and prov.de the
shrimp with & feathered-cap appearance {Figs. 36-
38).

Some members of the crustacean group called
isopods are parasitic on shrimp of commercial
importance. Commercially important shrimp of the
Gult of Mexico are apparently not parasitized. How-
ever, smalter shrimp of the famiiy Palaemonidae are
often seen infested along our coastline. Commaercial
shrimp of the family Penaeidae are parasitized in
Pacific areas ( Fig. 39).

Fig. 36. Grass shtimp with (eech attached. {Photo courtesy of
Kenneth A.H. Read )

Fig. 37. Shrimp with insect €9gs attached 10 cuticular surface.

Fig. 38. Elioblopsids attached ta shrimp cuticle

Fig. 39A_ Asian shnmp infested with parasitic 1sapods {gil) cover
fiarad open 1o QXPOSH parasites).

12

Fig. 39B. Parasites removed from shrimp.



Worms

Worms that have been found ir skimp are irema-

ledes (Yukes), cestodes (tapeworms). and nematodes

iroundworms). Seme species are more camMmor than
others and, as yet. none have been xnow 10 cd use
widespraad snnTp mortalty. Worms may be faund n
various parts of the body (Fig. 40).

Fig. 40. Cemmon sites of
intestation by worms 1
Tapeworms usually assoo:-
ated with tissues covenng
digestve g'and Z Round-
wormes; in and outside at
argans in cepha'otharax. but
alzo i and along outside of
intestine 3 Flukes; com-
monly encysted in tissues
ad@acent 10 organs in eopha-
lothorax, but also in
abdomina’ musculature and
under cuticle.

TREMATODES

Trerralodes [“ukes) are presentin shrmp as
immMature forms imetacercariae) ercysted in vanous
bocy tssues Metacercanae of remaiodes of the
farui es Opecoelidae. Microphallidae and Ech:nosto-
‘mnatidae have been reported from commercial Species
of penaaid s1imp (Fig 41). One species, Opecoeloi-
des nmbriatus.has oeen noted 1o be more common
than cthers. and ‘ne hypohetcal ife cycle of this
spec as 8 ustrated in Figure 42.

Fig 43 Drawing ot mictascopic view of common flukes of shrimp
lexcysted ) A Microphalius sp B Opecoeiodes fimbriatus

Fig. 42, Hypothetical life cycie of a shrimp fluke, Opecoeioides
fimbnatus. A, Infective slage or cercaria penetrates shrimp. B.
Cercaria migrates 1o the apprapriate lissue and encysts ferming a
stage called metacercaria. ¢ Shrimp infectad with metacercaria is
eaten by fish (silver perch, red drum, sheepshead, several othe rs. ]
D. Shrimp is digested. This releases metacercaria. Metacercaria
stage undergoes development until it forms an adull. E. Eggs laid

by adult fiuke pass out of fish with wastes. Egg hatches and an
intective stage known as a miracidium is released. The miracicdium
penetrates a snail and multiplies in number within sporocysts. F.
Cercariae develop within sporocysis. When fully developed,
cercaria leaves the sporocyst and snail and swims in search of a
shrimp. if contact is made with a shrimp within a short peviod, the
cycle is completad.



CESTODES

Tapeworms in shrimp are associated typcally with
the digestive gland. They are usually found mbedded
in the gland. or next ta it, in the cavering tissue. In
shrimp, tapeworms are present as immature torms
(Fig. 43), while adult forms are found in rays. Species
of the genera Prochristianeila, Parachristianefla and
Renibutbus are commeon. Other tapeworms from wild
shrimp include a relatively common pear-shaped
worm of the intestine and a 'es5s common warm of the
cyclophyliidean group. Tapeworms are most often
encountered in wild shrimp.

Differentiation between the tapewarm groups is
made in general body form and tentacular armature.
A hypothetical life cycle for Prochristianelia penaeiis
presented in Figure 44.

NEMATODES

Nematodes occur more commonly in wild shrimp
than in cultured shrimp. The degree of infection is
probably related 10 the absence of appropriate
alternate hosts in culture systems. Nematodes will
peocur within and araund most body organs, as well as
in the musculature. Nematodes of shrimp include
Spirocamalianus pereirai (Fig. 45A), Leptolaimus sp.
and Ascaropsis sp. The most common nematode in
Gulf shrimp is Hysterothylacium reliquens (Fig. 45B).

It is the juvenile state of nematodes that infects
shrimp with the adult occurring in fish. An illustrated
life cycle thought 1o represent Hysterothylacium
refiquens is depicted in Figure 46.

Fig. 43 A A drawing of tho shrimp tapeworm, Prochristianeiia
perracs as it would appear in a microscopic view after removal from
its eyst B Unnamed pear-shaped tapeworm larvae in gut. [Photo
couriesy of C Corkern )
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Fig. 45. Drawing ot microscopic view of head end of {A) Spiro-
camaiianus pereiral and (B) Hysterethylacium sp. common round
worms found in penaid shrimp,

Fig. 44, Hypothetical ke cycls of the tapeworm, Prochristanela
penagi Kruse. A. Shrimp eats a copepod of other small crustacean
infesiad with larval tapeworm. B. Tapeworm develops into
advanced larval stage in tissues of shrimp. C. Stingray mgests
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infested shrimp. D. Tapeworm davelops into aduft in gut {spiral
valve) ot ray and bagins o release eggs. E. Eggs pass out of ther

fish with feces and are ealen by copepod. Eggs hatch and Jarval
worm develops inside copepod.



Fig. 46. Hypothetical life cycle of Hysierothyiacium reliquens, a
reundwaorm of shrimp. A, Shomg eats a copepod or ather small
crustacean inlested with larval roundworm. B. Roundworm
develops into advanced larvat stage in bssues of shrimp. ©

Fig. 47. Eyes of shrimp are normally black, but rubbing of a tank
wall has caused this eye to appear whitish because of a prominent
lesion

Fig. 48, Cannibalism usually begins as other shrimp devour the
appendages.

Toadtsh ingests infested shnmp D Roundworm devalops into
adull in gut of fish and begins 1o release eggs £ Eggs pass oul of
the hsh with feces and are gatun by copepod

Miscellaneous Conditions

INJURY

Shrimp culicle 1s easily damaged in aguaculiure
situations when hard structures are impacted or
1ubbed. (Fig. 47). Shell damage may aiso be inflicted
by the pinching or biting of other shrimp 1n crowded
condibons. Cannibalism has an impartant influence
on survival in some phases of shrimp culture where
stronger individuals devour weak ones (Fig. 48).

DEVELOPMENTAL PROBLEMS

Deformaties are quite prevalent in some popula-
tions. They arise from complex interactions that
invGlve enviranment, diet and gene expression.
Bodies may be twisted or appendages misshaped or
missing. Delormaties are less prevalent in wild caught
larvae than hatchery populations probably because
wild shrimp have more oppeortunity for natural selac-
tion and exposure to normal developmental condi-
tions {Fig. 49}.

Fig. 49. Detormed larval shrimp. Arrow points to deformad
appendage.
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Mol arrest coours in atfoctad armmais of snne
populations. Animais begi Dut are uranle 1o cor-
plete ire mclting pracess. in some cases, there is
abrorma adherence 0 under'ying sk n. but most
ammals appear to lack the neceesary slamira.
Nutritional inaceguacies and waier gua'ty factors
have been identlied as causes

Tre shelt or cutc e may becomie lragile dur.ng
deveiopment. The reasons for soft shalis rerain a
mystery. bul many th nk the congit:on resu is or Tan'y
from inadequate nutition (starvaton). Shelis are
normally sott for a coupie of days after moiting, Dt
shers of those suffering from soft-shell canation
remain both soft and thin and =ave a tendency 10
cracx under the shgilest pressu-e.

Fig &0, Transverse seeothon St d gest e glang ibuics s owny
pragression of granulama farmatior harmal Loles @ 1@ e lef

COLOR ANOMALIES (M) and afleetes whalos are Lo the nght (L)
Shrimp of unusual color are occasionaly faund
among wild and ‘arm slocks. 1ne sir king ceoration,
which may be gold. blue or pink. appea-s throughout
the tssue and is not confined 0 ine cuticle or underly-
ing skir. A genetc cause is suspecteg. Transforma
tion 10 blue colorat.on from a natural brown is kown
for some capt.ve crustacears and has deen linked to
nu‘riton. Pond-cu'tured Pacy.¢ tiger shrimp some-
times develop a condition where dgestive glard de-
generation coniricutes to a recdish coloration.

DIGESTIVE GLAND MANIFESTATIONS
Pand-reared snr-mp occasiondlly die in large

numbers because of diseased digestive glands

Shrimp digestive gland tissues are organized as

numerous tubular structures that Liimately feed into Fig. 5% Tissue squash of hepatopancieas with advanced
the digestive tract. The spec alized cells that ling the granuloma formation. Note dark necrotzec tissue of tubules
inside of the tubules are paricularly fragile and may {arrows)

become damaged by a varety of causes. Once
damage is intialed, the shrimp will begin to respond
in & predictable manner that progresses toward the
format.on of granulomas (Figs. 50, 51). Many shrimp
that exibited this manifestalon were 1ost during 1985-
1988 on Texas shrmp farms,

Fig. 52. A shrimp photographed (A-left) near time of back injuty and . - LS
{B-right] hours later. Injury by a toxin or disease agent will usuaily
wigger a similar response of inflammation and melanization.
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Fig. 54. Emaciated shrimp. Gills and body fringes have become
obviously darkened and the soft tail is covered with a thin and
fragile cuticla.

i
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Fig. 55. Lipoid {fat} spheres In microscopic view of digestive gland
tubule.

INFLAMMATION AND MELANIZATION
Conditionslof tissue darkening 15 a frequent
occurrence with shrimp ang gther crustaceans. In the
usual case, blood cels gradually congregate in
particular tissue areas (iInflammation) where gamage
has occurred and this is followeg by pigment (mela-
nin deposition. An infective agent, injury or @ toxin
may cause damage and stimulate the process (Fig.
52). Gills are particularly prone 1o darkening due 10
their fragile nature and thair function as a collecting
site for elimination of the body’s waste products (Fig.
53). Gills readily darken upon exposure to toxic
metals or chemicals and as a result of infection by
certain fungi (Fusarium sp.)

EMACIATION AND NUTRITIONAL DEFICIENCY

Unfed shrimp lase thair normal full ang robust
appearance. The shell becomes thin and flexible as it
covers underlying tissue such as tail meat that
becomes greatly resorbed for lack of nutrients.
Molting is cuntailed and shell and gills may darken in
fime. Emaciation may result from unavailable nutn-
ents or loss of feeding behavior after exposure to
unfavorable environmental conditions (Fig. 54).

Prepared diets deficient in necessary constituents
may predispose or cause disease. Vitamin C defi-
clency, for example, will initiate darkening of gilis or
certain tissues associated with the cuticle and eventu-
ally result in deaths.

Digestive glands sometimes will become reduced
in size. Among other things, this is an indication of
poor nutrition. Weill-fed shrimp will have an abun-
dance of fat globules within storage cells of the
digestive gland tubules that provide buik to the gland
(Fig. 55).

CRAMPED SHRIMP

This is a condition described for shrimp kept in a
variety of culture situations. The tail is_ drawnlunder
the body and becomes rigid o the point that it .carT”Ot
be straightened (Fig. 56). The cause of cramping is
unknown.

dition. Fuil flexure {A-lofL) Flaxure

Fig. 56. Cramped shrimp condi ;
m'gintajnmri whenped pressure appked (Bright)
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MUSCLE NECROSIS

Opague muscles are characterist.c ¢f this condi-
tion. Wnen shnmp are exposed 1o stress’u! condi-
ticns, such as low oxygen of crowdirg. the muscles
lase their nornai transparency and become biotched
with whitish areas throughout. This may pragress until
the entire tal area @xes on a whitsn appearance
tFig. 57;.

If shrimp are wndrawn from the adverse environ-
ment before profonged stress exposure. they may
return 1o norma:  Extremely attec’ed shnmp cdo not
recover, however, ana die with:n a few m nutes. In
moderately aflected shnimp. onfy parts of she body
retumn 1o norma’, other parns. typicaly the last seg-
ments of the :ail, are unable 1o recover (Fig. 58).
These shrimp die wihin gne or two days. Shrimp
muscles with this congition are krown o uidergo
necrosis {death or decay of 1ssue). The whaish
conditign can be contused with milk shrimp (mucro-
sporidian nfechion), but examiration of the figures
should ad in distinguishing the two diseases.

TUMORS AND OTHER TISSUE PROBLEMS
Conspicuous body swelings or er argements of
fissues have been reported in shrimp. In most cases,

affected individuals were captured from poiuled
watars. Qccurrence ot shrimp with ev.dent umors s
rare in commercial catches. Miscellanegus irmitations
experienced by captve shrimp in tank systemrs wil
sometimes result in focal areas of ‘issue overgrowth
(Fig. 39).

A hemolymphoma or fluid-filed bl.ster may form on
the inner surface of the portior of carapace that
covers the gills (Fig 60}, Tre cause of this rare con-
dition is not known. Angther rare condidn is Necrosis
and subsequent melanization of tissue witnin the
musculature. Like hemolymphoma, the cause s un-
known and_marketability of the product :5 greally
influenced (Fig. £1).

A degenerahon of male reproductive tracs occa-
sionally occurs in captive aculls of certain penagid
species. A swelling and darkening of the tubule lead-
ing from the testes 10 the spermatophore 1s readily
apparent when viewed through the translucent body
(Fig. 62).

A condition where the the basement layer of tissue
lining the intestine thickens and resuits in loss of food
absorption and some nerve dysfunction is known
from Penaeus japonicus and Penaeus merguiensis. A
cause has not been established.

ENVIRONMENTAL EXTREMES

Temperature, irradiation, gas saturation, hydrogen
ion content {pH), oxygen content and salinity all have
appropriate tolerable ranges for sustaining life of
various shrimp species and lite stages. if these
ranges are exceeded or extremes combine for an
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Frg 7 Stinmp willi Newrote =iusc e tia s Swirg
Aftected tissue 2l Airow

fig 58 Shump wath advanced muscle necrosis [arfow) shown
beside normal shnmp.

Fig. 6Q. Blister condition Inset shows blister removed. The blister
will darkan upon death of shnimp



Fig 61. Araas ot melanized nocrotic tissue in tail musculature.

Fig. 52. Darkening of male reproductive tract of Penaeus siyliros
¥is. A Normatl tract. B. Initial darkening. Darkening will advance
until spesmatophores and testes bacome ateocted. (Photos
courlesy of George Chamberlain )

. [ ,
Fig. 83. Precipitant of iron salt on a shrimp's frings hair {setu).

Interachve effect. shnmp will become diseased
Besdes the girect effect trom these ncnrmect.-olus;
agents, exposure may result in predisposal 0 offects
of opporunistic mfective agonts.

Gas bubbles wilt form in the blood of shrimp if ex-
POsed o waters with large differences in gas satur-
atons. It a farge amount of bubbiing occurs in the
blood. death will resuit

ln_ the presence of acidic warer, minerals will piten
precipiiate on culicular surfaces. Usually the precipi-
tant is rron sal iFig. 63).

TOXICITY

Poisoning car: result trom toxic substances ab-
sorbed from the water or consumed food. Water may
accumulate excessive concentrations of am mon:a,
nitrite. hydrogen suifide or carbon dioxide, alf of which
can have a toxic effect on shrimp. Same metals also
may cause a toxic effect when presery in oxcess
Both presence and toxicity of these chemicars are
influenced by the changeable enviranmental congdi-
tions mentioned above. They may act singularty or
have combined effects.

Certain microbes and algae will excrete poisonous
materials. Examples of algal release are the occa-
sional red tdes that occur along our coast. Asde from
survival lpss, affected amimals behave in a disorien-
tated manner. Microbes become concentrated in high
density rearing systems and such systems are known
to develop species that can cause damage by toxic
release.

Peslicides can be harmful if they occur seasonally
in surface water supplies affected by agricultural
practice. Because of migrations into estuanes or near
effluent disposal sites, wild shrimp populations are
more susceptible than cuitured stocks 10 the vanety of
pollutants released.

There are reports of toxicity caused by the food
shrimp consume. Toxins from microbes are known to
build up in feeds stared in unfavorable conditions.
Some foodstuffs and live larval food, such as bring
shrimp, can contain pesticides. Perhaps more com-
mon are undesirable effects of feeds that have aged
and become rancid.

Breakdown of lining tissues (necrosis) of the
intestine have been associated with consumption of
certain algae. Because cuitured shrimp feed both on
prepared teeds and bottom materiais, it is suspected
that the occasional occurrence of detrimental irritants
and toxins cantained within bottom surfaces could
cause tissue breakdown when such sediments are

consumed.
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